Abstract Cultured neural stem cells (NSCs) provide a powerful means for investigating central nervous system disease, neuron development, differentiation, and regeneration. To obtain sufficient neurospheres, subculturing is essential following establishment of the primary NSC culture. Passaging the primary neurospheres is a key issue that is often ignored. We evaluated the influence of different passaging schedules on primary cultured NSCs. Passaging was performed on day 5, 7 or 9. We observed more neurospheres with diameters of 200-250 lm on day 7 than on day 5 or 9. Prolonging the time of primary culture reduced the cell metabolic activity by the MTT assay and cell proliferation by colony-forming assay and the differentiation to neurons from cells at P2 and later decreased. Additionally, more cells were in G0/G1 phase, and higher expression of p16
Introduction
Neural stem cells (NSCs) offer a unique and powerful in vitro model system for studying and elucidating the molecular and cellular mechanisms underlying development, plasticity, and regeneration. They are the widely used model for studying basic differentiation processes (Favaro et al. 2009 ), and as recent reports showed, for reprogramming cells into neurosphere-derived induced pluripotent stem cells (Kim et al. 2008 (Kim et al. , 2009 . Furthermore, NSCs cultured in vitro provide an expanding source of cells for transplantation, drug screening studies, gene therapy, and neural development studies (Svendsen and Smith 1999; Prestoz et al. 2001; Goldman 2005; Ourednik et al. 2009 ).
NSCs can be isolated from the mammalian central nervous system (CNS) and can be maintained in vitro for moderate periods of time without loss of the ability of these cells to be passaged (self-renew) and to differentiate into neurons, astrocytes, and oligodendrocytes, the primary cell types in the CNS (Dhara and Stice 2008; Sun et al. 2008) . A major challenge, however, is the expansion to obtain sufficient NSCs for these applications. One option is to extend the culture period for the neurospheres. However, NSCs cultured for prolonged periods of time display elevated proliferative capacity and a declining ability to differentiate into neurons (Vukicevic et al. 2010 ). Alternatively, it is possible to subculture the primary culture of neurospheres to resolve the problem of the shortage of NSCs. In addition, another challenge is that neurospheres formed in vitro are a mixture of stem cells, progenitor cells, and more differentiated cells such as neuronal and glial cells (Lobo et al. 2002; Suslov et al. 2002; Bez et al. 2003) . Thus, while subculture of neurospheres may address that challenge, the proper time of passaging is a key question in culturing NSCs.
As with most cell types in culture, the cell division cycle, which is divided into four distinct phases, G1, S, G2 and M, is the series of events that takes place in proliferating NSCs leading to their differentiation. Proliferating cells traverse the cell cycle from one mitosis to the next. Differentiated cells are arrested in G1, and are often described as passing into G0 representing the differentiated (non-proliferating or quiescent) state. Forcing cells from G1 to S (G1/S transition) may promote expansion of NSCs, which is controlled by cell cycle regulators. Among the family of negative cell cycle regulators, p16
INK4a plays a crucial role in growth arrest, which is mediated by inhibiting the activity of the cyclin-dependent kinases CDK4 and CDK6 in cell cycle G1 progression (Salomoni and Calegari 2010) . On the other hand, cyclins work as positive cell cycle regulators by forming complexes with CDK4 or CDK6 (Sugimoto et al. 1999) and play a central role in NSC proliferation (Bornfeldt 2003) . One of the most important cyclins, cyclin D1, participates in the initiation and progression of the cell cycle. Cyclin D1 is activated during mid-G1 (Bassiouny et al. 2010 ) and functions in G1/S transition.
This study aimed to clarify the optimal time for passaging the aggregated NSCs. We isolated NSCs from the cerebral cortex of newborn rats and passaged the aggregated NSCs at different time schedules to evaluate the influence of different passaging times on cellular metabolic activity, cell cycle distribution and related gene mRNA expression of NSCs.
Materials and methods

Culture medium and reagents
NSCs were incubated in serum-free medium consisting of equal volumes of Ham's F12 and Dulbecco's modified eagle medium (DMEM) (Invitrogen, USA) with the addition of 2% B27 supplement (Invitrogen), 20 ng/mL basic fibroblast growth factor (b-FGF, Sigma, USA), and 20 ng/mL epidermal growth factor (EGF, Sigma). The differentiation culture medium was DMEM/F12 containing 1% fetal bovine serum (FBS, Sigma). Mouse anti-Nestin antibody (Chemicon, USA), rabbit anti-b-III-tubulin antibody (Sigma), mouse anti-GFAP antibody (Chemicon), rabbit antiCNPase antibody (ABcam, UK), and secondary antibodies labeled with fluorescein isothiocyanate (FITC, goat anti-mouse IgG, Sigma) or tetramethylrhodamine isothiocyanate (TRITC, goat anti-rabbit IgG, Sigma) were used for immunofluorescence.
Isolation and cultivation of NSCs
NSCs were cultured from newborn Sprague-Dawley rats (within 24 h of birth), which were provided by the animal center of Nantong University, using previously described methods with minor modifications Weiss 1992, 1996) . All animal experiments were performed in compliance with the US National Institute of Health (NIH) Guide for the Care and Use of Laboratory Animals published by the US National Academy of Sciences (http://www.oacu. od.nih.gov/regs/index.htm) and approved ethically by the Administration committee of experimental animals, Jiangsu Province, China. Briefly, the cerebral cortex was isolated from the whole brain, transferred to ice-cold Hank's balanced salt solution (Invitrogen), and rinsed twice. The meninges and blood capillaries were carefully removed microscopically.
The tissue was mechanically and enzymatically (0.125% trypsin) fragmented. After dissections the cell suspension was transferred into a sterile centrifugation tube and centrifuged subsequently. The single cell suspension was obtained by this procedure and then seeded into a 25-cm 2 culture flask (Corning, USA) with 2 mL serum-free NSCs medium at a density of 5 9 10 5 cells/mL, and cultured in a 37°C incubator with 95% air, 5% CO 2 , and 100% humidity. Fresh cell culture medium was added every 2-3 days. After incubation for 5-9 days, cells had proliferated to form neurospheres and were ready for subculture. We set up three groups for every 5 days passage, every 7 days passage and every 9 days passage. The neurospheres were harvested and processed by immunofluorescence by staining for nestin (1:500 mouse anti-nestin).
Passaging neurosphere at different time point for primary culture Cells proliferate to form spheroids, called neurospheres, which in general, detach from the plastic substrate and float in suspension. Passaging was carried out on day 5, 7 or 9 with three replicate flasks at each time point. After counting the neurospheres that were 100-200 lm, 200-250 lm and more than 250 lm in diameter in the nine flasks, they were washed in phosphate buffered saline (PBS) and collected into nine individual centrifugation tubes and incubated in 0.125% trypsin for 15 min at 37°C and dissociated mechanically into a single-cell suspension. Then they were centrifuged and re-suspended with serum-free NSC medium and transferred to a Corning T25 culture flask at a cell density of 5 9 10 5 cells/mL. These cells were collected with the same centrifugation conditions and reseeded in new culture flasks at the same density during the primary culture.
MTT assay of NSCs from three groups of different passaging schedules based on primary culture
The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Sigma) method (Li et al. 2009 ) was used to detect cell metabolic activity. One hundred microliter of the single-cell suspension from 5, 7 and 9-days primary cultured neurosheres were inoculated into individual wells of 96-well culture plates (Corning) at a density of 5 9 10 5 cells/mL. Cell metabolic activity was measured after 24 h culture using EL 800 (Biotek Co.) by measuring the absorbance at 570 nm.
Colony-forming assay of NSCs and diameter of neurospheres at different passages The colony-forming assay was carried out as previously described (Tropepe et al. 1999) . Briefly, NSCs were harvested after subculturing at different time points. Followed by washing twice in PBS, the cells were adjusted to give a starting concentration of 4,000 cells/mL from which serial dilutions were made and final cell dilution was 40 cells/mL. Fifty microliters of cell suspension and 150 lL of serumfree NSCs medium were plated in each well of 96-well plates. Twenty-four hours later, the wells with single cell were counted and kept. After incubating for 5, 7 or 9 days respectively, the fraction of wells containing neurospheres at each time point against the number of total wells was calculated. The diameter of the neurospheres was also measured when cultured for 5, 7, and 9 days in each generation.
Effect of different passaging schedules on the differentiation of NSCs at different passages
The neurospheres at different passages were dissociated into a single cell suspension and plated onto a 24-well plate containing poly-L-lysine-coated cover slips at a density of 3 9 10 4 cells/mL in 0.5 mL NSC differentiation medium (DMEM/F12 with 1% FBS) per well and cultured for 7 days. Then the cells were processed for double-label immunocytochemistry with antibodies directed against neurons (1:250 rabbit anti-b-III-tubulin), astrocytes (1:400 mouse anti-GFAP) and oligodendrocytes (1:1,000 rabbit anti-CNPase). Antibodies were labeled with species and fragment specific secondary antibodies (1:200 FITC-conjugated goat anti-mouse IgG or 1:600 TRITC-conjugated goat anti-rabbit IgG) and counterstained with Hoechst 33342. The differentiation rate of neurons, astrocytes and oligodendrocyte was calculated based on counts of positively stained cells Cytotechnology (2011) 63:621-631 623 divided by the total number of cells. For each experiment five fields were counted per three separate wells. All fluorescent cell stainings were viewed under a TCS SP2 confocal laser scanning microscope (Leica, Germany).
Distribution of cell cycle in NSCs determined by flow cytometry Propidium iodide (PI) staining was performed following the procedure described by Krishan (1975) .
Briefly, approximately 1 9 10 6 cells per flask at each time point were dissociated as above mentioned, and a single-cell suspension was harvested and washed with cold PBS. The treated cells were fixed with 1 mL of pre-chilled 70% ethanol (-20°C) and laid overnight at 4°C. After ethanol removal, cells were washed with PBS and stained with PI solution (50 lg/mL, Sigma) plus 100 lg/mL RNase (Sigma) at room temperature in the dark for at least 1 h. Cell cycle analysis was performed with a Bio-Rad fluorescence-activated cell-sorting analyzer with CellQuest software (Becton-Dickinson, USA). The fractions of cells in the G0/G1, S, and G2/M phases were quantified with the ModFit LT system.
RT-qPCR for p16
Ink4a and cyclin D1
Total RNA was extracted from the cultured NSCs using the RNA Isolation kit according to the manufacturer's instructions (Takara Bio Co., Ltd., Japan). First-strand complementary DNA (cDNA) was synthesized from 1 lg total RNA with a QuantiTect Reverse Transcription kit (Takara). p16 Ink4a or cyclin D1 were co-amplified along with a fragment of the glyceraldehyde 3-phosphate dehydrogenase (GAP-DH) gene, which served as an internal standard. The primer sequences used are listed in Table 1 . A single peak of the melting curve confirmed primer specificity. The amplification efficiency of each pair of primers was evaluated with a standard curve that was generated with fluorescent data from a 10-fold dilution series of cDNA (Table 1) . Only primers with similar amplification efficiencies were used in this experiment. Real-time PCR was conducted on an ABI 7,500 PCR system (Applied Biosystems, USA). Briefly, each PCR reaction was performed in a 20-lL reaction mixture containing 2 lL cDNA, 10 lL SYBR Green I, 0.4 lL 50 9 ROX standard, 1.0 lL 109 PCR forward and reverse primer mix (Takara), and 6.6 lL nuclease-free water. Negative controls (no DNA template) for each primer set were included in each run. The thermal cycle used was comprised of 40 cycles at 95°C for 15 s and 60 or 62°C (Table 1) for 1 min. A dissociation curve was calculated and was comprised of 95°C for 15 s, 60°C for 1 min, and 95°C for 10 s. The amount of specific mRNA was quantified by determining the point at which the fluorescence accumulation entered the exponential phase (Ct), and the Ct ratio of the target gene to GAPDH was calculated for each sample. We performed five replicates for each sample of the three times, and all PCR data were analyzed with the Delta-Delta Ct method with the ABI 7,500 system software, version 2.0.4.
Statistical analysis
Independent experiments were performed at least three times. Quantitative data are shown as mean 
Results
The morphological features of neurospheres at different time points in primary culture
During the first 24 h after isolation from newborn rat cerebral cortex, there were many round and suspended single cells in the medium with clear boundaries that were translucent in appearance (Fig. 1a) . At 72 h, a few small floating cell clusters Fig. 1 The morphological features of neurospheres at different stages in primary culture. a The Cultured NSCs for 24 h showed a clear boundary and were translucent in appearance.
b After 72 h, neurospheres could be observed. c A 5-days floating neurosphere, showed the appearance of microspikes that are commonly seen on young healthy neurospheres. d A 7-days neurosphere, showed the absence of dead cells and abundance of large, healthy round cells. e A 8-days neurosphere, showed a few dark area in the center. f On day 9, an unhealthy sphere, showed a high proportion of dead cells in the center. Scale bars: 100 lm for all panels. The inset on the top right corner is the magnification of the chosen white box labeled area. g A neurosphere showed Nestin positive immunostaining. h The number of neurospheres with different diameters at different time points. *p \ 0.05, **p \ 0.01, n = 15 had grown in size, detached from the substrate, and were floating in suspension (Fig. 1b) . Over the next few days, the number of NSCs increased rapidly. On day 5, the center of the sphere was light in color and translucent (Fig. 1c) . At 7-days, the proliferating NSCs formed neurospheres that mostly measured 100-200 lm in diameter (Fig. 1d ) which usually were composed of approximately 0.5-1.0 9 10 4 cells each. But on the 8th day, the center of the sphere was darkened in color and the outer portion of the sphere is still bright and translucent with light, round healthy cells on the outer edge (Fig. 1e) . And when we observed the neurospheres under a microscope on day 9, the dark area was expanded, and the center of the sphere was blackened (Fig. 1f) . Figure 1g shows that these cells were immunopositive for nestin, an intermediate filament protein mainly expressed by stem or precursor cells. Before passage, at different time points of 5, 7 and 9 days for primary culture, five observed fields at 20 9 objective in every flask were chosen randomly to count the number of neurospheres. As shown in Fig. 1h , at day 5, there were many neurospheres with diameters of 100-200 lm, and there were a large number of neurospheres with diameters of 200-250 lm on day 7. On day 9, the flask contained large cell clusters with dozens of cells, and most of the spheres were more than 250 lm in diameter.
The effect of different passaging schedule on cell metabolic activity Cell metabolic activity was determined by MTT chromometry assay. Figure 2 shows the MTT reduction reaction results of the neurospheres in the three groups of different passage times. The cell metabolic activity in the 5-days group was not significantly different from that of the 7-days group, but was higher than that of 9-days group (p \ 0.05).
The effect of different passaging schedule on colony formation and diameter of colony The average colony-forming efficiencies for the NSCs of P1 after subculturing from P0 on days 5, 7 or 9 were 23.11% ± 1.02%, 26.36% ± 1.19% and 15.74% ± 0.60%, respectively. For P2, they were 21.99% ± 1.13%, 23.76% ± 1.07% and 17.53% ± 1.10% for every 5, 7 and 9 days passage group. As shown in Fig. 3a , NSC colony formation was decreased greatly in every 9 days passage group, whereas there was no significant difference between day 5 and 7 groups in NSC colony number at P1 and P2. As in the conventional neurosphere assay, the colony number is an indication of the number of viable NSCs in the original population. When cultured for 5 days at P1 and P2, the diameter of the colonies in day 9 group was significantly smaller than the two other groups (Fig. 3b) .
The time of primary culture affects the differentiation of NSCs
The primary cultured and passaged neurospheres at P1 and P2 are able to produce neurons, astrocytes and oligodendrocytes when allowed to differentiate in the presence of differentiation supplements. The neurospheres at P1 generated similar proportions of b-III-tubulin-positive neurons, GFAP-positive astrocytes and CNPase-positive oligodendrocytes as compared to those of P0. However, prolonging the primary culture time reduced the differentiation of NSCs into neurons and oligodendrocytes at P2 (Fig. 4) .
The time of primary culture affects the cell cycle in NSCs
The G1 phase is the important checkpoint in the process of cell proliferation. We used flow cytometry to investigate the proportion of NSCs in the G1 phase following different time points of primary culture. Fig. 2 The MTT reduction reaction results of the NSCs from three groups of different passaging schedules. *p \ 0.05, n = 9 Fig. 3 The effect of different passaging schedules on the formation of colony (Fig. 3a) and diameter of colony (Fig. 3b) . a shows a reduced the colony-forming efficiency for the 9 days passage of all groups. b shows reduced the size of colony for the 9 days passage of all groups. P1 first passage cells, P2 second passage cells, *p \ 0.05, **p \ 0.01, n = 9 The PI cell-cycle analysis revealed that the percentage of cells in the G0/G1 phase of 9-days group was significantly increased in comparison with the two other groups (p \ 0.05), whereas no difference was seen between 5-and 7-day groups (p [ 0.05). The average percentages in the G0/G1 phase from three independent experiments were 87.29% ± 1.15%, 87.55% ± 0.49%, 92.38% ± 0.55% on day 5, 7, and 9, respectively (Fig. 5 ).
Relative expression of p16 Ink4a and cyclin D1 at different time points for primary culture To investigate the expression levels of p16 Ink4a and cyclin D1, relative expression of genes at different time points was analyzed with relative expression software tool. Comparing with 7-day group, modest but significantly lower expression was recorded for cyclin D1 on day 5 and 9 (0.56-and 0.45-fold respectively; p \ 0.05). Moreover, the corresponding values were higher on day 9 than on day 5, but there were no significant differences between the two groups. On the other hand, we observed a significant increase (p \ 0.05) in the expression of p16
INK4a on day 9 (3.4-fold greater than that on day 7). The mean normalized expression ratio was 0.3-fold on day 7 compared with day 5. However, there was no significant difference between day 5 and 9. Side-by-side comparisons of the expression profiles of these genes by RT-qPCR are shown in Fig. 6 .
Discussion
Culture systems for the isolation, expansion, and differentiation of NSCs provide a unique and powerful in vitro model system for studying and elucidating the molecular and cellular mechanisms underlying development, plasticity, and regeneration. NSCs have been isolated from the mammalian CNS and can be maintained in vitro for extended periods of time without losing their properties of proliferation and potential for differentiation (Reynolds and Weiss 1996) . Stem cells isolated from the newborn rat CNS can be maintained in an undifferentiated proliferative state in a defined serum-free medium supplemented Fig. 5 The effect of primary culture time on cell cycle progression. NSCs were cultured for different times, and the DNA was stained with PI and analyzed with flow cytometry. Representative diagrams are shown for day 5, 7 and 9. The percentages of cells in each phase of the cell cycle from three independent experiments are shown. Compared with day 5 or 7, the percentage of cells in G0/G1 phase on day 9 was greater, *p \ 0.05, n = 9 Fig. 6 Analysis of expression of cell cycle regulator genes in primary cultured NSCs at days 5, 7, and 9 with RT-qPCR (values are normalized to day 5). *p \ 0.05 compared to day 7, n = 9 with EGF and bFGF. After approximately 7 days in this growth medium, the proliferating EGF-and bFGF-responsive NSCs generate non-adherent spherical clusters of cells, commonly termed neurospheres (Bez et al. 2003) , which measure 100-200 lm (Fig. 1d ) in diameter. At this stage, the neurospheres can be passaged. This procedure can be repeated weekly, resulting in an exponential increase in total cell numbers. In our study, newborn rat-derived neurospheres cultured in this manner have been passaged for 10 weeks with no loss in their proliferative ability, resulting in a 10 7 -fold increase in cell number (data not shown).
Multiple methods have been developed to isolate and expand NSCs, two of which have been recently published (Chen et al. 2007; Brewer and Torricelli 2007) . Each method has its own advantages. The neurosphere culture system is straightforward, reproducible, and not technically demanding, making it an ideal system to explore the characteristics of stem cells. The original culture systems and parameters were based on the work of Weiss (1992, 1996) . However, several factors were reported to impact the culture system, including the centrifugation parameters (Ye et al. 2008 ) and the time of passaging. In our study, we evaluated the influence of different passaging schedules on primary cultured NSCs and found that there would be different results after subculturing at different stages. When passaged at the stage of 100-200 lm in diameter, we acquired a large number of translucent single cells with the least amount of debris. This phenomenon could be seen by flow cytometry. On day 9, an apoptosis or debris peak appeared before G0/G1 peak. But this peak didn't obviously appear on day 5 or day 7 (Fig. 5) .
In detail, during the first few days, single cells proliferated to form small clusters of cells that sometimes adhered slightly to the culture vessel. These lifted off from the substratum as the density of the sphere increased. Viable neurospheres were mostly semitransparent, with many cells on the outer surface displaying microspikes (Fig. 1c) . Cells should be passaged earlier rather than later and before the neurospheres grow too large ([250 lm in diameter) . If the neurospheres are allowed to grow too large, the cells in the inside of the neurospheres are unable to neither acquire oxygen and nutrients nor eliminate their metabolites (Fig. 1d, e) . Larger neurospheres are also more difficult to dissociate. After repeated mechanical pipetting, there will be more debris and necrotic cells. Therefore, it is important that cultures be monitored each day to determine the conditions of the neurospheres (round phase-bright spheres with a smooth periphery) and medium.
The cell metabolic activity in the 5-days group was not significantly different from that of the 7-days group, but higher than that of the 9-days groups (Fig. 2) . The colony-forming efficiency is an indication of the number of viable NSCs in the original population. In our study, when the time of primary culture was prolonged to 9 days, the colony-forming efficiency was significantly decreased. This feature was seen in both P1 and P2. In addition, the proliferative capacity of NSCs was also inhibited, which was elucidated by the investigation of the colony size. The differentiation assay demonstrated that the neuropsheres at P0, P1 or P2 are able to produce neurons, astrocytes and oligodendrocytes. The proportion of the three lineage differentiated cells has no difference at P0 and P1. However, when cultured for 9 days there were fewer NSCs at P2 differentiated into neurons and oligodendrocytes than the other two groups, and most of them differentiated into astrocytes.
Although much is known about the biology and behavior of NSCs, efforts have only recently focused on characterizing the morpho-functional features and metabolic properties of the neurospheres (Bez et al. 2003) , which are largely unknown. It has been suggested that the more number of cells reside in G0/G1, the more cells are quiescent. In our study, on day 9 most of cells in the neurospheres reside in G0/ G1 and the number of cells in the G0/G1 phase on day 9 was higher than that on days 5 or 7. Prolonging the time of primary culture would induce most of the cells in the neurospheres to reside in the state of nondifferentiation. Forcing the cells from G1 to S may promote the expansion of NSCs. CDK4/6-cyclin D, CDK2-cyclin E, and the transcription complex that includes Rb and E2F are pivotal in controlling the checkpoint of passage of NSCs from G1 phase into S phase (Salomoni and Calegari 2010) . Passing through the restriction point and transition to S phase are triggered by activation of the cyclin D/cdk complex, which phosphorylates Rb. Phosphorylated Rb dissociates from E2F, which is then free to initiate DNA replication (Bartek and Lukas 2001) . In this study, cyclin D1 expression was found to be high at days 5 and 7. However, the expression significantly decreased when the incubation time was extended to 9 days, emphasizing the decreased NSC turnover at day 9. This observation is consistent with the findings of other investigators (Sicinski et al. 1995) who reported that downregulation of cyclin D1 delayed neural development induced by nutritional deprivation. These data appear to be consistent with the results of previous studies (Lange et al. 2009 ).
p16 Ink4a is considered to be a tumor suppressor (Sherr 2001 ) that limits cell proliferation and is a negative regulator of NSC function in aging animals (Molofsky et al. 2003) . In addition, p16
Ink4a inhibits NSC self-renewal in culture (Molofsky et al. 2003) . To examine changes in gene expression of p16
INK4a when extending the time of primary culture, we examined the level of p16
INK4a at different stages with RT-qPCR. We observed a 3.4-fold increase in p16
Ink4a expression in long-term primary cultured neurospheres compared to that of on day 7 (Fig. 6) . The elevated p16 Ink4a expression reduced the proliferation of NSCs in vitro, although the magnitude of this effect may depend on culture conditions to some extent, because p16
Ink4a can be induced in response to stress (Sherr 2001 ). This observation is further supported by the significantly decreased proliferation rate observed in the in vitro (Vukicevic et al. 2010 ) and in vivo (Molofsky et al. 2006 ) experiments done by other investigators. p16 Ink4a is a cyclin-dependent kinase inhibitor that promotes Rb activation, slowing cell-cycle progression and inducing cellular senescence (Lowe and sherr 2003) . In our study, we found stage-related differences in cyclin D1 and p16 Ink4a , which are the two important regulators of G1. With a delay in passaging, the number of cells in G1 increased (Fig. 5) . Moreover, we also observed a decrease in cyclin D1 expression and an increase in p16 Ink4a expression when the time of primary culture was extended to 9 days (Fig. 6) .
Conclusion
The culture system we used provides an in vitro assay to address the question why passaging primary NSCs at different time schedules leads to different results. There were more neurospheres with diameters of 200-250 lm on day 7. Prolonging the time of primary culture reduced the cell metabolic activity and colonyforming efficiency and the number of neurons differentiated from P2 cells gradually decreased. In addition, cell cycle-associated regulators were examined at the molecular level, and their expression corroborated that passaging neurospheres on the 7th day of primary culture provided favorable NSCs growth.
